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EGGSHELL BASICS




EGGSHELL CHARACTERISTICS

N\ 10-11% of total egg weight

N\ 95% calcium carbonate (CaCO,)
N\ mainly calcite crystals
\ also hydroxy-apatite crystals
\ 3.5% organic material
N\ Shell membranes

\ Cuticle
N\ Organic matrix
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N\ Egg shell Formation = Fastest known
mineralization process ~ 18 hours




ORGANIC MATRIX

N\ Anchored in the shell crystals

N\ Regulates eggshell formation ~ Glycoproteins
N Ovocleidin (17-116)
N Ovocalyxin (21-32)
N\ Osteopontin
N\ Calbindin
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N\ Antibacterial proteins

~ Egg white proteins
N\ Lysozyme
N\ Ovotransferrin
< N Ovalbumin

£= Pictures courtesy of University of Glasgow
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EGGSHELL STRUCTURE
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SHELL FORMATION: Step 1

- Step 1
S AVA Formation Mammilary cones
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Pictures courtesy of University of Glasgow
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SHELL FORMATION: Step 2 - 3

Step 2
Growth crystals mammilary layer
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SHELL FORMATION: Step 4 - 5

Step 4
Vertical layer
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Step 5
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Picture courtesy oFEﬁni&ersity_gL Glasgow;  «.



EGGSHELL PORES
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N\ Shell pore

= Place where 2
adjacent crystals are
not vertically fused

Pictures courtesy of University of Glasgow



EGGSHELL FUNCTIONS

N\ Packaging the egg content (embryo)

N\ Gasseous exchange possible =>
embryonic development

N\ Source of calcium for the embryo
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N\ Protection against microbes and impacts




SHELL CHANGES WITH HEN AGE

N\ Egg size increases
N\ Amount of shell decreases
—> Reducing shell thickness

N\ Changing organic matrix composition

N\ Changing mammilary layer => Less thight
jonction mammilary cones with membranes

N\ Changing crystal orientation
—> Changing microstructure
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=) Reduction of the structural stability




BREAKAGE CONSEQUENCES

N\ Large cracks
N\ Leaking during grading

N\ Halircracks
N\ High incidence of becoming open cracks
N\ Loss of quality => water loss

MeBioS / Livestock-Nutrition-Quality ‘

N\ Bacterial penetration
N\ Food spoilage / poisoning
N\ E.g. Salmonellosis

Pictures courtesy of University of Glasgow




LEUVEN MeBioS / Livestock-Nutrition-Quality

NOILNJAJdd d9OVXVIdd




SHELL BREAKAGE
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Farm Transport Grading Transport 2 Transport 3

18%

>

5=

@©

>

ol

c

@)

=

= 16%

>

Z

0

_\l{ o 14%

Q g

S < 12%

N o

0 S

= o 10%

-

= o 8% LR $" Yot "

N o

(@] ]

= o 0

0 6%

)

= 4%

2% . | . I |
0% [ = -
Chain 1 - Battery Chain 2 - Furnished Chain 3 - Aviary Chain 4 - Free-range
cages cages
Chain 1 - Battery cages Chain 2 - Furnished cages Chain 3 - Aviary Chain 4 - Free-range

B Hen house + Collection 18.58% 14.54% 1.94% 1.99%
B Transport Packing Station 2.65% 1.25% 1.31% 0.28%
OGrading + Packing 3.44% 1.50% 2.17% 2.11%
B Transport Retailer 0.86%
B Transport Store 0.25% 0.16% 0.21% 0.22%
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DEALING WITH SHELL
QUALITY




SHELL QUALITY ASSESSMENT

N\ Detection of broken eggs
N\ Remove them from the chain

N\ Prevention of broken eggs through shell
guality monitoring
N\ Prevent occurrence of broken eggs in the chain
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DETECTION BROKEN EGGS

N\ Removal of cracked eggs during grading
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Pictures courtesy of University of Glasgow




DETECTION OF BROKEN EGGS

Vibration Analysis: Acoustic Eqqg tester

N\ Small hammer
N\ Egg turns around

N\ Hammer taps the egg at the
equator (4 times)

N\ Acoustic response of the
egg Is recorded

Time spectra vibrational response Intact Egg
T 1 1 T
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www.kuleuven.be/eqagtester




DETECTION OF BROKEN EGGS

N\ Extraction of the Frequency spectrum

N\ Intact or cracked?
N\ Intact egg: axial symmetry
N Comparison of the 4 frequency spectra

Frequency spectra vibrational response Intact Egg
1 T 1 1

3500 T
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Frequency spectra vibrational response Cracked Egg
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DETECTION OF BROKEN EGGS
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N\ Acoustic Response N\ Indirect Acoustic Response

N\ Egg rolls over metal object

N\ Vibration of piezo-electric crystals

Piezo-electric sensor Vibration

metal objects
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MONITORING SHELL STRENGTH

N\ Quasi static compression
\ Fracture force (F,,,)
\ Static Stiffness (K.,

N Shell Thickness

N\ Shell specific gravity




MONITORING SHELL STRENGTH

N\ Disadvantageous properties of classic measures:

N\ Lab scale

N\ Destructive

N\ Time consuming
N\ [naccurate

N\ Required speed: ~ 180 000 eggs / hour
N\ Required properties of novel strength measures:
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N Fast

N\ Non-destructive
N Accurate

\ Inexpensive

N\ Practical relevant




MONITORING SHELL STRENGTH

Dynamic Stiffness: K S

Frequency spectra vibrational response Intact Egg

Amplitude
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K, = CtexEW xRF*

dyn

N\ RF = Resonance Freguency
N EW = Egg Weight




MONITORING SHELL STRENGTH

Shell Thickness

N\ Correlation with classic
measures:

N\ Static Stiffness (K., R2=0.61
N\ Shell thickness (T)

Static Stiffness

>
=
'
-]
@
c
0
=
=
-
<
X
&)
@)
+—
(70}
(b)
=
—l
~~
0p)
9
m
Q
=

R2=0.81
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SHELL QUALITY
INFORMATION IN PRACTISE




SHELL STRENGTH MONITORING

N\ K.U.Leuven, Belgium (Mertens et al., 2007; Mertens, 2009)

Red mite
infection

0\

> Heat stress challenges J




BREAKAGE PREDICTION

A

N\ University of Glasgow, Scotland (Bain et al., 2006)
N\ K.U.Leuven, Belgium (Mertens et al., 2006)

ggs with lower

Kayn Will crack

easier during
packing
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BACTERIAL PENETRATION

N\ ILVO, Melle, Belgium (Messens et al., 2007)

ggs with lower
Kayn are
easier

penetrated by

Salmonella E.
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GENETIC HERITABILITY

N\ Rosslin Insitute, Edinburgh, Scotland (Dunn et al., 2005)
N\ Lohmann Tierzucht, Germany (Icken et al., 2006)

Heritability Estimate (sire)
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Dunn et al. Icken et al.
(h2 < error) (h?)
Froax 0.15 £ 0.07 0.10
Kqtat 0.13 £0.07
Shell Thickness 0.13
% Shell 0.32
K 0.33+£0.11 0.40

dyn

Kayn has a higher heritability than the classic
shell strength measures
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STRATEGIES FOR CRACK
PREVENTION AND STRENGTH
‘ IMPROVEMENT




... IHROUGH MONITORING

N\ Signalling of decreasing shell strength prevents
abundant breakage
N\ Emerging disease (?)
N\ Adjustment feeding strategy (?)

N\ Egg classification based on shell strength
prevents breakage and/or contamination
N\ Low strength => industrial egg
N\ High strength => table egg
N\ Position of eggs in trays/cartons
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... IHROUGH SELECTION

N\ Selection based on novel strength measures
(e.9. Kyyn) Improves root shell quality
N\ Higher heritability
N Ky, provides structural strength information
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